Background: Increasing number of hospitalized children with community acquired pneumonia (CAP) is codetected with Mycoplasma pneumoniae (Mp). The clinical characteristics and impact of Mp co-detected with other bacterial and/or viral pathogens remain poorly understood. The purpose of this study was to evaluate the demographic and clinical features of CAP children with Mp mono-detection and Mp co-detection. Methods: A total of 4148 hospitalized children with CAP were recruited from January to December 2017 at the Children's Hospital of Hebei Province, affiliated to Hebei Medical University. A variety of respiratory viruses, bacteria and Mp were detected using multiple modalities. The demographic and clinical features of CAP children with Mp mono-detection and Mp co-detection were recorded and analyzed. Results: Among the 110 CAP children with Mp positive, 42 (38.18%) of them were co-detected with at least one other pathogen. Co-detection was more common among children aged ≤3 years. No significant differences were found in most clinical symptoms, complications, underlying conditions and disease severity parameters among various etiological groups, with the following exceptions. First, prolonged duration of fever, lack of appetite and runny nose were more prevalent among CAP children with Mp-virus co-detection. Second, Mp-virus (excluding HRV) co-detected patients were more likely to present with prolonged duration of fever. Third, patients co-detected with Mp-bacteria were more likely to have abnormal blood gases. Additionally, CAP children with Mp-HRV co-detection were significantly more likely to report severe runny nose compared to those with Mp mono-detection. Conclusion: Mp co-detection with viral and/or bacterial pathogens is common in clinical practice. However, there are no apparent differences between Mp mono-detection and Mp co-detections in terms of clinical features and disease severity.
characteristics and implications of Mp co-detection are poorly described.
To better characterize the impacts of Mp co-detection on CAP children, a 12-month prospective study was carried out to examine the demographic and clinical characteristics of CAP caused by Mp, including monodetection and co-detection. In addition, this study assessed the differences in demographic and clinical features between mono-and co-detected CAP children.
Methods

Study population and case definitions
This prospective study was conducted on children (< 18 years) with CAP admitted at the Children's Hospital of Hebei Province, affiliated to Hebei Medical University, China, over a period of 12 months (from January 1, 2017 to December 31, 2017). The diagnostic criteria for CAP included: (a) clinical manifestations: fever, cough and/or dyspnea; (b) auscultatory findings: abnormal breath sounds, wheezes or crackles; and (c) radiographic evidence: consolidation, other infiltrate or pleural effusion.
CAP patients with positive results of Mp-DNA bronchoalveolar lavage fluid (BALF) or a ≥ 4-fold rise in IgG titer were considered to have Mp positive. If only Mp was detected, the patients were considered to have Mp mono-detection. Co-detection was defined as detection of Mp with ≥1 other bacterial or viral pathogen. Children with co-detection were stratified into two groups: Mp-virus co-detection and Mp-bacteria co-detection. The Mp-virus co-detection group was further stratified into two subgroups: Mp-HRV co-detection and Mp-virus (excluding HRV) co-detection.
Data collection
The demographic, clinical, laboratory and other related data of Mp-positive children were collected: (1) demographic characteristics: gender and age; (2) clinical information: duration of fever, cough, wheezing and gastrointestinal symptoms (diarrhea or vomiting); (3) laboratory results: peripheral leukocyte, neutrophil and lymphocyte counts, C-reactive protein (CRP) levels and chest radiographic findings; and (4) disease severity parameters: incidence of severe CAP [11] , length of hospitalization, requirement for mechanical ventilation and admission to the PICU.
Specimen collection and laboratory testing
Blood, serum, nasopharyngeal aspirates (NPAs) and BALF specimens were obtained for pathogen detection using multiple modalities.
Real-time polymerase chain reaction (PCR) was performed for Mp-DNA detection in BALF specimens using a quantitative diagnostic kit (DaAn Gene Co. Ltd., Guangzhou, China) [12] . Serum IgG against Mp was evaluated by a commercial test kit (Virion-Serion, Germany) according to the manufacturer's instructions. Criteria for the diagnostic test were defined as IgG ≥4-fold titers [13] .
The NPAs collected from all patients were tested simultaneously for Flu A, Influenza B (Flu B), Influenza A H1N1 pdm09 (09H1), influenza H3N2 (H3), human parainfluenza virus (HPIV), RSV, rhinovirus (HRV), ADV, HMPV, human bocavirus (HBoV), human coronavirus (HCoV), Chlamydia (Ch) and Mp using a GeXPbased multiplex reverse transcription PCR assay [14] . The presence of bacteria and fungi was determined on admission by a positive result in blood specimen and/or BALF culture with the use of standard techniques.
Statistical analysis
Statistical analyses were performed using SPSS 13.0.1 statistics package (SPSS Inc., Chicago, USA). In brief, the demographic and clinical manifestations of all children with Mp positive were presented as absolute frequencies or rates for categorical variables, median (interquartile range) values for quantitative variables. Multiple sets of independent continuous data were compared using the Kruskale-Wallis test, while two sets of independent continuous data were compared by the Mann-Whitney U test. Categorical variables were analyzed using the Pearson Chi-square or Fisher's Exact Test. The level of statistical significance was set at P < 0.05.
Results
Study population and microbiological diagnosis
Between January 1, 2017 and December 31, 2017, 4148 patients who met the criteria of CAP were enrolled. Among them, 110 (2.65%) were defined as Mp positive ( Table 1) . Of these 110 patients, 68 (61.82%) were detected with only Mp, 42 (38.18%) were detected with at least one other pathogen, 30 (27.27%) were detected with one or more viruses, 7 (6.36%) were detected with one or more bacteria, and the remaining 5 (4.55%) were detected with both bacterial and viral pathogens ( Table 2) .
Demographic characteristics
Among the 110 patients with Mp positive, the median age was 5 years, which was significantly higher compared to that of 4148 CAP children (median age: 0.5 years, P < 0.001). Approximately 57.3% were male, and the gender distribution did not differ significantly between children with Mp positive and CAP (P = 0.094). Co-detection was more prevalent in children aged ≤3 year compared to those aged > 3 years old (64.29% vs. 29.27%; P = 0.001). The median age of CAP children with Mp-virus codetection (P = 0.009), Mp-HRV co-detection (P = 0.004) and Mp-virus (excluding HRV) co-detection (P = 0.045) was significantly younger compared to those with Mp mono-detection (Table 3 ). Gender distribution did not differ significantly among various etiological groups ( Table 3 ). The peak incidence of Mp detection was in autumn (October to November), while the peak incidence of Mp co-detection was in winter. Besides, Mpvirus co-detection and Mp-HRV co-detection occurred throughout the year, with no obvious seasonality. For Mp-bacteria co-detection, the highest incidence rates were observed in winter and spring ( Fig. 1 ).
Clinical data, laboratory and radiographic findings
The differences in clinical data, laboratory and radiographic findings among various etiological groups are summarized in Table 4 . Fever, cough, and sore throat were the three most common symptoms of children with Mp positive. In comparison with mono-detected patients, the duration of fever was significantly longer in Mp-virus co-detected (P = 0.039) and Mp-virus (excluding HRV) co-detected (P = 0.031) patients. Lack of appetite was more prevalent among children with Mp-virus co-detection (P = 0.022). Runny nose was more common in patients with Mp-virus co-detection (P = 0.012) and Mp-HRV co-detection (P = 0.002). However, the clinical features of patients with Mp-bacteria co-detection were relatively similar to those with Mp mono-detection. No significant differences were noted in terms of the laboratory and radiographic findings among various etiological groups.
Complications, underlying conditions and disease severity parameters
The differences in complications, underlying conditions and disease severity parameters among various etiological groups are presented in Table 5 . All children with Mp positive, including Mp mono-detection and Mp codetection, did not require PICU admission or invasive mechanical ventilation. However, the cases with severe CAP might require noninvasive mechanical ventilation, and the duration of hospitalization was not significantly different between the patients with Mp co-detection and Mp mono-detection. However, compared to those with Mp mono-detection, Mp-bacteria co-detected children Table 1 The results of Mp detection for 4148 patients with CAP
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Mp -DNA (BALF) Mp -DNA (NPA) a IgG(paired sera) NO.
Mp positive (N = 110) + + / 98
Mp negative (N = 4038) -
Mp Mycoplasma pneumoniae, CAP community-acquired pneumonia, BALF bronchoalveolar lavage fluid, NPAs nasopharyngeal aspirates a The NPAs were tested simultaneously for Mp, Chlamydia and 11 common respiratory viruses using a GeXP-based multiplex reverse transcription PCR assay, thus Mp-DNA (NPAs) was tested for all patients were more likely to have abnormal blood gases (P = 0.041). In addition, the underlying medical conditions of Mp co-detected patients were relatively similar to those of Mp mono-detected patients.
Discussion
Mp has been recognized as a significant and common cause of pediatric CAP. In this study, it was found that 2.65% of hospitalized children with CAP experienced Mp positive, which is less than 19.1% reported in Wuhan, China [15] . Such low incidence may be attributed to the different study populations and methods used for Mp testing. Previous studies [16] [17] [18] have indicated that
Mp is detected year-round, and its seasonal peaks have been reported in various seasonal periods starting from the end of summer to winter. In this study, Mp positive was more common in autumn, which is consistent with the findings of Chiu et al. [19] . At present, it is widely considered that mixed detections with multiple pathogens are common in children with CAP. Furthermore, Mp infection is often associated with preceding or concomitant viral and bacterial infections in children [19, 20] . In the present study, we found that children with co-detection accounted for 38.18% of total cases with Mp positive. This proportion is lower than that in Taiwan population [19] and higher than that in Beijing population [20] . However, the incidence of mixed detections with viruses was 27.27% in this study, which is higher compared to both Taiwan and Beijing populations. These differences may be due to the exclusion of HRV test in their studies. HRV is the most prevalent respiratory virus and is often associated with the common cold. Moreover, HRV may be associated with more severe lower respiratory tract infections in children, including bronchiolitis and pneumonia [21] . The results of this study showed that HRV was the most common pathogen among children with Mp codetection, at a frequency of up to 18.18%. Thus, researchers and pediatricians should pay more attention to Mp-HRV co-detection among children with CAP. Age is an important factor that can affect pathogen distribution. The incidence of Mp infection is highest among children aged 3-7 years, while respiratory viral infections are more common in children younger than 2 years [22, 23] . Likewise, in this study, the patients with Mp-virus co-detections were significantly younger, especially prevalent among those ≤3 years old.
Mp-infected children can present with fever, cough, chest pain and wheeze, along with non-respiratory symptoms such as arthralgia and headache [24] . In the present study, we found that, similar to Mp mono-detection, fever, cough and sore throat were the three main symptoms of Mp co-detection, followed by nonrespiratory symptoms, including rash, headache and abdominal pain. In addition, there were some differences in the clinical symptoms between patients with co-detection and mono-detection. First, compared to Mp mono-detection children, the duration of fever was significantly longer in children with Mp-virus and Mp-virus (excluding HRV) co-detection. Second, lack of appetite was more prevalent in children with
Mp-virus co-detection. Third, runny nose was more common in patients with Mp-virus co-detection and Mp-HRV co-detection. However, the clinical symptoms are relatively non-specific, indicating that these parameters may not be helpful to distinguish Mp codetection from Mp mono-detection. A recent study shows that the clinical outcomes of Mp infection are heavily dependent on the co-infected pathogen [20] . Pientong et al. [25] have reported that Mp may serve as an important co-infectious agent of respiratory viruses, which increases the severity of acute childhood bronchiolitis. However, no significant differences were noted in the incidence of severe CAP, duration of hospitalization, and noninvasive mechanical ventilation among various etiological groups in the present study, suggesting that mixed detection of Mp with other viral or bacterial pathogen does not contribute to the severity of CAP. Chiu et al. [19] demonstrate that no significant difference is observed between the patients infected with Mp and those co-infected with virus, as similar to that reported in our study. To avoid overestimation of Mp-HRV co-detection, we further investigated the differences in clinical outcomes between children with Mp-virus (excluding HRV) co-detection and Mp mono-detection. Similarly, there was no significant difference between the two groups. Then, we further explored the role of Mp-HRV co-detection in children with CAP. Notably, a similar distribution of most complications, underlying conditions and disease severity parameters were found between the two groups. These results indicate that Mp-HRV co-detection may have little influence on the clinical outcomes of CAP. Likewise, we found no significant difference in the clinical outcomes between Mp-bacteria co-detection and Mp mono-detection, except that Mp-bacteria codetection was more likely to be associated with abnormal blood gases. However, our results might differ from with the findings [19, 20] of different regions of China, suggesting that S. pneumoniae co-infection can lead to greater disease severity in children with Mp infection compared to single infection.
With the use of molecular diagnostics, co-detection with other viral/bacterial pathogens has been commonly identified in Mp positive patients. Nonetheless, this study confirms that the clinical features and severity of Mp mono-detected patients are relatively similar to those co-detected with viral and/or bacterial pathogens. Thus, we speculate that a large proportion of CAP patients may be infected with a major pathogen of pneumonia (i.e. Mp) and tend to have a colonization of other pathogens in respiratory tract [26] . Furthermore, it is also possible that the viral or bacterial pneumonia patients may have a serologic evidence of past MP infection (IgM positive) or PCR positive (colonization).
Nevertheless, this study has several limitations. The presence of co-infection should be confirmed by serologic tests at least 2 times during hospitalization or convalescent stage. However, it is very difficult to apply at clinical fields, owing to lack of available methods. In this study, due to the limits of current respiratory bacteria detection methods, the pattern of identified pathogens might not accurately represent the CAP, especially in young children. Moreover, the small sample size could impose restrictions on determining the association between Mp co-detection and disease severity. In addition, this single center study might not be representative of the entire Chinese pediatric population.
Conclusions
In conclusion, we concluded that though Mp co-detection with viral and/or bacterial pathogens is common in clinical practice, there are no apparent differences between Mp mono-detection and Mp co-detections in terms of clinical features and disease severity. Our findings may eventually contribute to a better understanding of the implication of Mp co-detections in clinical practice, which is essential to improve preventive and therapeutic strategies. 
